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Several companies including SkyTel have commented on the test report submitted to the FCC by
Progeny. Progeny had submitted a test report along with the description of their Wide Area
Positioning System (WAPS) to meet the FCC requirements. This Reply Paper provides an
integrated view of the shortcomings of the Progeny report by consolidating the viewpoints

expressed by SkyTel and other companies in their submissions to the FCC, as well as relevant
comments on LTE intrinsic location technology and service.

Here are the key shortcomings of the Progeny report.

Cooperative testing between the WAPS and existing Part 15 systems is not carried out.

Inherent lack of co-channel interference (CCI) for most test devices severely limits the
usability of the reported test results as a proof for compliance to the FCC’s interference
mandate.

The Progeny test environment is not representative of real-world operating conditions of
various Part 15 devices and widely deployed Part 15 systems.

Only stationary testing is done; vehicular testing is skipped altogether.

The scope of Progeny testing was quite narrow. Comprehensive testing in a variety of
environments such as rural and dense-urban and different conditions such as Line-of-
Sight (LOS), co-location, and non-GPS-friendly (e.g., urban canyons) should have been
carried out to properly evaluate the impact of WAPS interference.

While the initial search for the test devices appears to be extensive, the finalized test
devices happened to be more tolerant to interference due to their characteristics, masking
the impact of WAPS interference on widely used commercial Part 15 devices that have
characteristics quite different from those of the test devices.

Single-device testing as opposed to more-realistic multi-device testing was performed. A
multi-device environment increases the probability of interference due to the less amount
of unoccupied spectrum bandwidth accessible to the Part 15 devices.

Whenever the WAPS interference was detected during the Progeny tests, the audio
quality of Part 15 devices was quite poor as indicated by the presence of a beep every
second, but the Progeny report incorrectly considered such audio as good quality audio.

The WAPS interference is capable of wiping out entire packets for Part 15 data devices,
often rendering some devices inoperable. But, the Progeny report incorrectly assumes
that there will not be any significant impact of WAPS interference on the data devices.



* The claimed location performance of the WAPS is not proven by any quantitative
performance metrics and measurements.

* Detailed description of the WAPS network configuration and parameter settings that can
yield the claimed location accuracy is absent.

* Location performance comparison of the WAPS and other non-WAPS systems is not
described, raising questions about the viability of the WAPS as a commercial-grade
location technology.

* Interference from Part 15 transmitters could potentially degrade the location performance
of a WAPS receiver. However, the impact of Part 15 devices on the achievable WAPS
performance is not evaluated at all.

* C(ritical quantitative performance metrics and associated measurements for the WAPS
and Part 15 devices are not provided.

* The test results clearly show that the use of range as a performance metric for Part 15
data devices is unreliable.

* Poor choice of the test devices has caused improper classification of typical and atypical
Part 15 device operations. Poor voice quality observed during so-called atypical
operations would thus be observed during typical Part 15 device operations.

* The WAPS inherently relies upon a non-WAPS network such as a cellular or WiFi
(Wireless Fidelity) network to convey the location of the device to the network.
However, a real-world operational proof or even the feasibility study of such WAPS and
cellular/WiFi interworking is missing. Considering significant challenges of such
interworking for both the handset and the infrastructure, it is imperative that an extensive
analysis of real-world interworking scenarios be published by Progeny.

In summary, the Progeny test and test report fails to prove that the WAPS would not cause
unacceptable levels of interference to Part 15 devices and systems of devices.
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CONTENTS

Section 1 provides an overview of the comments made by SkyTel and others.

Section 2 gives an overview of standardized location solutions defined by Long-Term Evolution
(LTE), which is expected to be the most dominant fourth-generation (4G) cellular technology in
the U.S. and the world. [See preceding Comments of SkyTel and this author for an initial
discussion of the relevance of LTE in Progeny’s materials.]

1. OVERVIEW OF COMMENTS ON THE PROGENY TEST REPORT

Note. The page numbers mentioned in this Reply Paper correspond to the page numbers in
the pdf files of all the references.

Numerous critical issues about the Progeny test report [3] have been identified by SkyTel and
others [1, 2,4, 5,6, 7, 8]. These issues can be broadly classified into these six major areas: (i)
Area 1: Testing Approach, (ii) Area 2: Test Devices, (iii) Area 3: Impact of WAPS Interference
on Part 15 Devices and Systems, (iv) Area 4: WAPS Design and Location Accuracy, (v) Area 5:
Performance Metrics and Measurements, (vi) Area 6: Interworking of WAPS with Cellular and
WiFi. The specific issues for each of these six areas are briefly discussed in Section 1.1 through
Section 1.6 next.

1.1 Area 1: Testing Approach

Cooperative testing between the WAPS and existing Part 15 systems is not carried out.
Progeny thus fails to meet the purpose of testing set forth by the FCC.

> SkyTel reiterated the FCC’s mandate on Page 8 in [2]': “As the Commission noted, the
purpose of the testing condition “is to insure that multilateration LMS licensees, when
designing and constructing their systems, take into consideration a goal of minimizing
interference to existing deployments or systems of Part 15 devices in their area, and to
verify through cooperative testing that this goal has been served.” [9]”.

» SkyTel also noted on Page 8 in [2] that the testing was done by selecting a set of
standalone Part 15 devices and that testing should have involved existing Part 15 systems
to accurately quantify the impact of WAPS interference on the operation and
performance of the Part 15 system and the impact of the Part 15 system on the accuracy
of the location estimate of the M-LMS receiver.

» CellNet was one of the just two companies owning Part 15 systems that expressed
concerns initially about Progeny’s proposed system, and millions of automated meter
reading (AMR) devices have been operating in the field (see Page 4 in [4]). It would
have been easier for Progeny to do cooperative testing by working with CellNet.

" The use of blue, for emphasis, is added herein and is not in original FCC text.



» Itron also commented that Progeny could have easily done cooperative testing with Itron,
especially since 80 million Itron meter modules have been shipped nationwide (see Page
6 of [5]). Itron also states that Progeny tests disregard a large portion of Part 15
technologies (Page 3 of [5]).

» Kapsch mentioned on Page 2 in [7] that over 30 million vehicles are equipped with NM-
LMS (Non Multilateration- Location and Monitoring Service). Cooperative testing with
Kapsch would have been another possibility for Progeny.

» The Wireless Service Providers Association (WISPA) pointed to the existence of
numerous fixed wireless broadband systems operating in the Part 15 spectrum on Page 2
in [8]. [Instead of limited testing with just one wireless system, Canopy, more
comprehensive testing with multiple representative wireless systems would have yielded
more realistic results.

Inherent lack of co-channel interference (CCI) for most test devices severely limits the
usability of the reported test results as a proof for compliance to the FCC’s interference
mandate.

» As noted by SkyTel on Page 8 in [2], the Part 15 test device selection method has led to
many devices not operating on the same frequency spectrum bandwidth as the WAPS
beacons. CCI truly tests the amount of potential WAPS interference. Since only few of
the selected test devices could be forced to operate on the frequency spectrum used by the
WAPS beacons, it was not surprising that the occurrence of the WAPS interference
appeared to be less frequent. The true impact of WAPS interference cannot be estimated
based on the Progeny test results. See [2] and [3] for more details on the operating
frequency ranges of the test devices and the WAPS beacons.

» Itron also highlighted the virtual absence of the CCI during the inadequate Progeny tests
as a result of selected test devices (Page 11 of [5]).

The Progeny test environment is not representative of real-world operating conditions of
various Part 15 devices and widely deployed Part 15 systems.

» CellNet indicates on Page 4 of [4] that the typical operating environment of the AMR
device is not reflected in the Progeny test cases. For example, the AMR device operates
outdoor, while Progeny focuses on indoor testing. As another example, the break-case of
an AMR device could occur in the LOS case within 50 m of the WAPS beacon, which is
different from the Progeny-assumed break-case.

» Itron found that Progeny made incorrect assumptions about how and where Part 15
devices operate (Page 5 of [5]). Itron identified a variety of AMR devices such as pole-
mounted fixed devices with more than a two-mile radius, handheld devices, drive-by
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mobile devices, and consumer engagement devices (Page 8 of [5]). Itron mentioned that
testing of commercial or industrial devices ignored the true deployment and system
operations of the Part 15 devices (Page 12 of [5]).

» The WISPA states that Progeny test assumptions deviate significantly from the real-
world conditions (Page 4 of [8]). While the Canopy system used by Progeny uses BPSK
(Binary Phase Shift Keying) that is more robust to interference, testing with other less
robust modulation methods was not carried out for BWA systems (Page 6, [8]). A typical
broadband wireless access (BWA) does not use frequency hopping or automatic
frequency agility (Page 6, [8]). Furthermore, manual or auto switching to another
channel is not an option for most outdoor BWA systems because of the limited number of
900 MHz channels (Page 6, [8]).

Only stationary testing is done; vehicular testing is skipped altogether. Since a Progeny
receiver as well as some Part 15 devices could be mobile, vehicular testing should have been
carried out.

» SkyTel observed on page 9 of [2] the absence of vehicular testing, further restricting the
applicability of the Progeny test results.

» Itron also observed the lack of testing related to the vehicular location service of the
Progeny system (Page 3 of [5)).

The scope of Progeny testing was quite narrow. Comprehensive testing in a variety of
environments such as rural and dense-urban and different conditions such as Line-of-Sight
(LOS), co-location, and non-GPS-friendly should have been carried out to properly
evaluate the impact of WAPS interference.

» Itron pointed to the failure by Progeny to conduct Line of Sight, co-location, and height
testing (e.g., devices on pole tops or towers) on Pages 12 and 13 of [5].

» The WISPA mentioned that Progeny did not test in rural areas where typical WISPs
(Wireless Internet Service Providers) operate (Page 7 of [8]).



1.2 Area 2: Test Devices

While the initial search for the test devices appears to be extensive, the finalized test devices
happened to be more tolerant to interference due to their characteristics, masking the
impact of WAPS interference on widely used commercial Part 15 devices that have
characteristics quite different from those of the test devices.

» CellNet mentions on Page 5 of [4] that machine-to-machine (M2M) communications is
less tolerant of interference than the communications of consumer devices.

» Itron has reported almost a dozen generations of devices in the field with varying
characteristics of power, modulation, and channel usage (Pages 11 and 12 in [5]).
Progeny has tested just one AMR device. While Progeny focused on 2005 and newer
devices, legacy devices often have a lifespan of twenty years (Page 13 in [5]).

Single-device testing as opposed to more-realistic multi-device testing was performed. A
multi-device environment increases the probability of interference due to the less amount
of unoccupied spectrum bandwidth accessible to the Part 15 devices.

» SkyTel noted on Pages 8 and 9 in [2] that it was much easier for a test device to find an
unoccupied channel due to a single active Part 15 device, avoiding the Part 15
interference and WAPS interference. The likelihood of WAPS interference increases
significantly depending upon the number of Part 15 devices, the operational frequency
ranges of Part 15 devices, and the existence of Part 15 systems.

1.3 Area 3: Impact of WAPS Interference on Part 15 Devices and Systems

Whenever the WAPS interference was detected during the Progeny tests, the audio quality
of Part 15 devices was quite poor as indicated by the presence of a beep every second, but
the Progeny report incorrectly considered such audio as good quality audio.

» A beep every single second during the conversation would be annoying to most people as
noted by SkyTel in [2]. Traditionally, acceptable speech quality corresponds to 1% to
3% error rate, meaning 3 speech frames (each with a 20 ms time interval) and up to 60
ms duration containing errors within a 2000 ms interval would be tolerable. Progeny
specified on Page 10 of [3] that each transmitter uses up to two 100 ms slots during one
second interval. Even if only one 100 ms slot is used per second for a transmitter, there
would be a total of 200 ms duration of WAPS beacons within a 2-second interval. The
frame error rate could be as high as 10% due to 10 frames being in error (caused by
WAPS interference lasting for 200 ms) out of 100 frames (equivalent to 100 frames * 20



ms per frame= 2 second)’. If a WAPS transmitter uses two 100 ms slots during one
second interval, the frame error rate could be 20%.

» Itron revealed that operations of several legacy AMR devices are disproportionately
centered in the middle of the 902-928 MHz band that is near the center M-LMS channel
and that AMR fixed devices or WISP transmitters, out of necessity, will be collated with
Progeny devices on utility poles or towers (Page 8 of [5]). Furthermore, many Part 15
devices send reports to the reader device every X seconds (e.g., X=4, 7, or so on) using
“fire+forget” model. Such reporting schedule could exactly match the WAPS beacon’s
100 ms transmission slots and many devices will not change the reporting schedule (Page
15 of [6]). There could be significant WAPS interference in all of these situations. Itron
also found that the Progeny system would cause overload to a device located within 0.25
km of a Progeny beacon (Page 14 of [5]).

» Kapsch states that the 100 ms long WAPS beacon transmission could cause entire loss of
service to the devices using its NM-LMS system and that many sub-channels used by its
NM-LMS system would become unusable due to the WAPS interference (Page 5 of [7]).

The WAPS interference is capable of wiping out entire packets for Part 15 data devices,
often rendering some devices inoperable. But, the Progeny report incorrectly assumes that
there will not be any significant impact of WAPS interference on the data devices.

» SkyTel mentioned on Page 5 of [2] that the continuous transmission of beacons for 100
ms is problematic for (both speech and) data whenever strong WASP signals become
CCI for the Part 15 devices. It is well-known that the physical layer cannot overcome a
long burst of errors. Since the beacon is present for a long time, the probability of entire
(speech and) data packets being lost is very high.

» CellNet also states on Page 6 in [4] that the entire data packets could be lost during the
beacon transmissions, requiring retransmissions and degrading the performance of the
data devices. Some devices that have been operating in the field for many years could
very well become non-operational due to the use of a single frequency that can coincide
with the Progeny beacon frequencies (see Page 6 of [4]).

* We would like to correct the typo on Page 10 of our report [2], where the frame error rate of 5% is
mentioned instead of 10%.



1.4 Area 4: WAPS Design and Location Accuracy

The claimed location performance of the WAPS is not proven by any quantitative
performance metrics and measurements.

» SkyTel mentioned on Page 4 of [2] that relevant measurements such as received signal
strengths and beacon (or pilot) (E./Iy) for M-LMS should have been specified. In the
absence of quantitative performance metrics and measurements obtained during
comprehensive tests, there is no way of validating or confirming the claimed location
accuracy of the Progeny system.

Detailed description of the WAPS network configuration and parameter settings that can
yield the claimed location accuracy is absent.

» SkyTel stated on Page 4 of [2] that the (WAPS) deployment configuration has a direct
impact on the accuracy of the location estimates and the interference caused to Part 15
receivers. The test results should include the achieved location accuracy due to the
tradeoff between the density of the beacon transmitters and the interference caused to
Part 15 devices. Additionally, the WAPS is intended to provide superior performance
where GPS-based solutions are insufficient (e.g., in dense-urban areas). However,
adequate testing in such areas is not really done.

Location performance comparison of the WAPS and other non-WAPS systems is not
described, raising questions about the viability of the WAPS as a commercial-grade
location technology.

» SkyTel identified absence of a comprehensive performance comparison among the
Progeny WAPS and the existing location systems on Page 6 of [2]. Since the WAPS
design parameters such as a very low data rate of 50 bps and a 100 ms timeslot carrying
data every second appear to be inadequate (in the absence of any supporting proof of
performance), such performance comparison becomes quite important [2].

Interference from Part 15 transmitters could potentially degrade the location performance
of a WAPS receiver. However, the impact of Part 15 devices on the achievable WAPS
performance is not evaluated at all.

» SkyTel mentioned on Page 5 of [2] that impact of the Part 15 transmitters on the accuracy
of the location estimate devices on the WAPS performance is not evaluated.



1.5 Area 5: Performance Metrics and Measurements

Critical quantitative performance metrics and associated measurements for the WAPS and
Part 15 devices are not provided.

>

A mere mention of the achievable location accuracy or qualitative description of the
impact of WAPS interference on Part 15 devices is not adequate. As reported in SkyTel
on Page 9 of [2], quantitative performance metrics and relevant measurements should be
recorded and provided as well. Example measurements include received signal strength,
signal to interference ratio (SIR), and pilot (Ec/I0). Voice-specific and data-centric
performance metrics are frame or block error rate and throughput.

The test results clearly show that the use of range as a performance metric for Part 15 data
devices is unreliable.

>

SkyTel observed on Page 11 of [2] that range as a performance metric is not useful as
indicated by an increased range when the WAPS network is activated.

Itron also observed that the measurements are frequently better for the (WAPS) system
“off” case than the (WAPS) system “on” case (Page 10 of [6]).

Poor choice of the test devices has caused improper classification of typical and atypical
Part 15 device operations. Poor voice quality observed during so-called atypical operations
would thus be observed during typical Part 15 device operations.

v SkyTel noted on Page 10 of [2] that the situation where Part 15 devices always operated

on the same frequency as a WAPS beacon is considered atypical by Progeny but could
very well be typical for numerous devices. Even when a Part 15 device supports multiple
frequency channels, the probability of an unoccupied channel becoming available reduces
and the probability of WAPS interference increases as the number of Part 15 devices
increases in a given geographic area.

1.6 Area 6: Interworking of WAPS with Cellular and WiFi

The WAPS inherently relies upon a non-WAPS network such as a cellular or WiFi (Wireless
Fidelity) network to convey the location of the device to the network. However, a real-world
operational proof or even the feasibility study of such WAPS and cellular/WiFi
interworking is missing. Considering significant challenges of such interworking for both the
handset and the infrastructure, it is imperative that an extensive analysis of real-world

interworking scenarios be published by Progeny.
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v" As mentioned by SkyTel on Page 6 of [2], the WAPS network inherently relies upon a
non-WAPS network such as a cellular or WiFi network for the M-LMS receiver to
convey its location and height to the network. The M-LMS device requires special
hardware for Radio Frequency (RF) measurements and software for Secured User Plane
(SUPL) and for interworking between M-LMS and cellular or WiFi.

(The rest of this page is intentionally left blank.)
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2. LOCATION SERVICES IN LTE

[As noted above: see preceding Comments of SkyTel and this author for an initial discussion of
the relevance of LTE in Progeny’s materials.]

The Progeny WAPS does not have an uplink from the Progeny device to the WAPS, because the
WAPS is a broadcast-only network (Page 6 of [3]). Hence, the Progeny location service relies
upon another access network such as cellular or WiFi and Secure User Plane (SUPL) protocol
(Page 6 of [3]). LTE is emerging as a dominant 4G cellular technology. LTE has its own fully-
standardized location solutions including a control plane or signaling solution and a user plane
solution (i.e., SUPL). LTE supports a variety of positioning techniques including a
multilateration technique®. Furthermore, as we will see later in this section, the LTE location
solution is quite flexible and has several means to enhance location accuracy. The Progeny
WAPS, in contrast, has very limited degrees of freedom to adapt the WAPS to meet the target
location accuracy. An introduction to the LTE’s location services (LCS) architecture is provided
below including the support for E911 calls. The positioning techniques supported by LTE are
then summarized. Finally, location solutions of LTE and Progeny WAPS are compared.

LTE is introduced in Release 8 of the Universal Mobile Telecommunication System (UMTS) by
the 3GPP (Third Generation Partnership Project). Verizon and AT&T have been deploying LTE
in the U.S. LTE is expected to be dominant cellular technology in the licensed spectrum with
many initial deployments occurring at 700 MHz. Several frequency bands including traditional
cellular band (around 850 MHz), PCS (Personal Communication Service) band (around 1900
MHz), and AWS (Advanced Wireless Service) (around 1.7 GHz and 2.1 GHz) are supported by
the LTE standard, and, LTE deployments using these frequency bands would gradually emerge.
LTE exploits Orthogonal Frequency Division Multiple Access (OFDMA), advanced antenna
techniques such as Multiple Input Multiple Output (MIMO), high-order modulation such as 64-
QAM (Quadrature Amplitude Modulation), and wide bandwidth (e.g., 10 MHz downlink and 10
MHz uplink in a typical deployment) to achieve very high data rates on the air interface. When
full potential of Release 8§ is realized, the peak data rates of 300 Mbps in the downlink and 75
Mbps in the uplink are achievable. LTE-Advanced is introduced in Release 10 by the 3GPP with
the peak achievable data rates in excess of 1 Gbps.

Release 9 defines location services (LCS), where a variety of location based services (LBS) such
as Emergency 911 or E911 calls and value-added services (e.g., directions to a restaurant and a
list of restaurant in the vicinity of the mobile device) can be offered to the LTE subscribers. The
main benefits of the LTE LCS are as follows.

* It is up to the cellular service provider the specific nature of the LCS solution and the specific
technique(s) chosen for positioning. Furthermore, different LTE mobile devices would have different
LCS capabilities. Existence of a Global Positioning System (GPS) receiver in the mobile device is
becoming common today (including LTE).
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LTE LCS is a fully-standardized solution that gives the service operators flexibility while
choosing the vendors for various network elements and mobile devices.

LTE LCS enables economies-of-scale due to the expected massive cellular adoption of
LTE.

LTE LCS facilitates interoperability testing due to the standardized nature of the solution.

The LTE service provider can offer LBS as part of its existing IMS (IP Multimedia
System) network, which enables rapid introduction of new services cost-effectively.

The LBS can be assigned a suitable class of Quality of Service (QoS) as the LBS are
operator-aware and operator-controlled services. LTE supports nine different QoS
classes, and, a given application is assigned an appropriate QoS class.

A brief overview of LCS in LTE can be found in [12]. See [13] and [14] for additional details of
the LTE LCS architecture and LTE positioning methods. Estimation of location accuracy of
various LTE positioning methods can be found in [15]; the overall E911-mandated accuracy
targets can be met by combining multiple positioning methods.

Figure 1 below illustrates the major elements of the LCS architecture [10]. We will (1) first see
how User Equipment’s (UE’s) location can be found using the LCS entities for a generic location
based service, (2) then briefly discuss how an E911 call from the UE is handled.

(1) Assume that an external LCS client such as a value-added service is trying to find the UE’s
location®.

>

>

Such client makes a location request to the Gateway Mobile Location Center (GMLC).
The GMLC authorizes such client.

The GMLC acts as a location server and relies upon the Mobility Management Entity
(MME) to find the UE’s location.

The MME has a logical signaling connection with the UE via the E-UTRAN” so that
relevant signaling messages (e.g., permission by the subscriber for finding the location)
can be exchanged between the UE and the MME.

* The location approach described here is based on signaling. Another location approach uses the user
plane and is referred to as Secured User Plane (SUPL).

> The eNodeB is a cellular base station and communicates with the UE using the air interface of LTE.
Multiple eNodeBs or eNBs constitute the LTE’s radio network called Evolved- Universal Terrestrial
Radio Access Network (E-UTRAN).
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» The MME chooses a specific Evolved- Serving Mobile Location Center (E-SMLC) for
the UE.

» The E-SMLC is in charge of deciding one or more specific UE positioning methods for
the UE. We have briefly summarized the positioning methods of LTE below.

» The E-SMLC works with the eNodeB and the UE to determine the UE location (e.g., lat
and long and potentially height).

» The E-SMLC provides the UE location to the MME, which in turn conveys the UE
location to the GMLC.

» The external LCS client now learns about the UE location from the GMLC.

GMLC External
E-UTRAN MME
LRF LCS
UE
. Client
Air
Interface
E-SMLC E-CSCF PSAP

S-GW and P-GW

P-CSCF and S-CSCF

Figure 1. LCS Architecture and Support for E911 in LTE (simplified from [10])

(2) Let’s see how UE’s E911 call is routed through the LTE network:

» LTE supports E911 using the IMS that includes entities such as the Proxy- Call Session
Control Function (P-CSCF) and Serving- Call Session Control Function (S-CSCF).

» The UE’s E911 call uses Session Initiation Protocol (SIP) messages that pass through the
eNodeB, the Serving Gateway (S-GW), and the Packet Data Network Gateway (P-GW)
and reach the P-CSCF.

» The P-CSCF consults the S-CSCF that determines the registration period for the session.

» The P-CSCF forwards the emergency session to the Emergency- Call Session Control
Function (E-CSCF).
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The E-CSCF communicates with the Location Retrieval Function (LRF) to find the
correct destination address of a Public Safety Answering Point or PSAP so that the UE’s
E911 call can be routed to the proper PSAP.

Furthermore, the LRF is responsible to retrieve the location of the UE by working with
the GMLC. The GMLC relies upon the MME to find the UE location.

The MME contacts an E-SMLC, which interacts with the eNodeB and the UE to find the
UE location.

The UE location is now conveyed to the MME by the E-SMLC.
The UE location finally reaches the E-CSCF via the MME, the GMLC, and the LRF.

The E-CSCF can next work with the PSAP to support the E911 call.

Now that we know how LTE supports a location service, let’s discuss the main UE positioning
techniques supported by LTE. These techniques include Enhanced Cell Identity (E-CID),
Assisted- Global Navigation Satellite System (A-GNSS), and Observed Time Difference of
Arrival (OTDOA) [11]. The E-SMLC utilizes one or more of these techniques to determine the
UE location (2-dimensional or 3-dimensional).

R/
A X4

E-CID. Since the UE in the connected mode has a dedicated a radio connection with the
E-UTRAN, the E-UTRAN knows about the cell where the UE is located. The eNodeB
can then use measurements of the round trip time (RTT) to determine the distance
between the eNodeB and the cell. The angle-of-arrival (AoA) can finally be used to find
the UE location, because the distance and the angle together are adequate to locate the
UE.

A-GNSS. A-GNSS is a generic term where satellite signals are used by the UE to make
measurements. In the U.S., Assisted- Global Positioning System (A-GPS) can be
expected be popular. The UE’s search for satellites is facilitated by conveying the
information about the satellites to the UE.

OTDOA. This is a traditional multilateration technique where the E-UTRAN signals are
processed by the UE to provide a report to the E-SMLC. Each E-UTRAN cell transmits
cell-specific reference signals. In addition, special positioning reference signals (PRS)
have been defined in Release 9 to support the UE positioning. The UE can now make
measurements of the reference signals and provide a measurement report to the E-SMLC.
The E-SMLC determines the actual location of the UE based on the UE measurements
(and potentially the eNodeB measurements as well).
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In summary, LTE supports a variety of UE positioning techniques in a standardized fashion.
Multiple techniques can be combined for a more refined location estimate.

Here are the main differences between the LTE location solution and the Progeny location
solution.

v Compared to the LTE positioning techniques, the Progeny WAPS appears to be quite
inflexible.

v A fixed time slot of 100 ms for the beacon transmission and a low data rate of 50 kbps
can impose significant constraints on the achievable location accuracy of the Progeny
system.

v LTE provides a standardized location solution, whereas the Progeny solution requires a
proprietary receiver design.

v" The Progeny design needs to overcome the complexity and interoperability challenges.

v LTE can control the QoS for the location services, while it would be quite challenging for
the Progeny solution to get LTE-type QoS control.

(The rest of this page is intentionally left blank.)
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